In this work, an electrochemical evaluation was carried out for different austenitic stainless steels in an acetic acid solution based on Italian Decree text. The electrochemical performance of the steels was determined by electrochemical techniques such as potentiodynamic polarization curves, measurements of the open circuit potential, linear polarization resistance, and electrochemical impedance spectroscopy. Although the steels show a high corrosion resistance, the specific performance of each one depends on both the chemical composition and the microstructural characteristics. It was found that an increase in the Cr content decreases the corrosion resistance, but precipitates and inclusions decrease it considerably, thus favoring the release of metallic ions into the electrolyte. In addition, the capacitive properties of the protective oxide depend on both the degree of Cr enrichment degree and its thickness.
INTRODUCTION
Stainless steels are widely used for transportation, processing, and the storage of both food and beverages due to their excellent corrosion resistance and good mechanical properties. The most commonly used ones are the austenitic stainless steels, which are characterized by a minimum of 16% Cr and 6% Ni (wt. %). The corrosion resistance is due to the ability to develop a thin self-healing passive film based on Cr. Stainless steels 304 and 316 are used most often [1] [2] [3] [4] [5] [6] .
However, other alloy elements can also be incorporated into the passive film structure, so its protective capacity depends on both the degree of Cr enrichment and the presence of other alloy elements, such as Fe, Ni , Mn, Mo, S, Ti, and Nb. In addition, depending on the pH of the solution, these metallic elements can leach out, which affects the stability of the protective film and can contaminate food. The release of metallic ions can occur by electrochemical, chemical, and physical processes. Examples of these processes are corrosion, dissolution, and friction, respectively [4, 7] . Food contamination by both metal ions released or metal complexes that form can alter the organoleptic characteristics of food and pose a risk to consumers. Some of these released metal elements can be beneficial in trace amounts, but depending on their chemical form and concentration, they can lead to adverse health effects [3, 6, 8] . Therefore, it is of great interest to determine the performance of all metallic materials that will be in contact with food [9] .
Many studies have reported on the performance of materials when they are in contact with food fluids, which were based on test guides to ensure safety, such as the Council of Europe (CoE) guidelines [10] and the Italian Decree [11] . The main difference between the procedures is the type of electrolyte used to simulate acidic food conditions. The CoE recommends the use of a solution of citric acid (5 g/L), while the Italian Decree recommends a 3% (v/v) solution of acetic acid [1] . The different acids could lead to different results for the same type of material. In addition, completely different anti-corrosion behaviors can occur for the same type of material due to differences in the microstructural characteristics, such as the grain size, grain boundaries, precipitates, inclusions, and defects [12] .
In these test protocols, the acceptance or rejection of a metallic material is based on the amount of metal ions released. However, the established test conditions are very specific with respect to the reaction area and electrolyte volume ratio [8] . Generally, large reaction areas and small electrolyte volumes are used, and these working conditions cause a dynamic and continuous variation of the chemical composition of the electrolyte. This is contrary to what is suggested to determine the corrosion resistance of a material, for which it has been established that the chemical composition of the electrolyte must be constant during the test period.
Since the release of metal ions into the electrolyte is mainly due to the presence of electrochemical processes, electrochemical techniques are an appropriate tool for determining which materials have greater susceptibility to metal ion release (that is, higher corrosion rates) [8] . Therefore, the objective of this study is to investigate the electrochemical behavior of different austenitic stainless steels to determine the effect of both the different alloy elements and their microstructural characteristics on the release of metal ions. The experimental conditions used were similar to those established by the Italian Decree text [11].
EXPERIMENTAL PROCEDURE

Materials
The austenitic stainless steels evaluated correspond to the 300 series. Table 1 shows the elemental chemical composition according to ASTM standards A213/A213M and A240/240M for steels 304, 310, 316, 321, and 347 and according to the manufacturer for steels 303 and 330. The chemical composition was verified by X-ray energy dispersive spectroscopy (EDS), and the results agree with the reported values. 
Microstructural Characterization
The microstructure of the steels was characterized. The samples were sequentially abraded with silicon carbide abrasive paper (120 to 1200), followed by polishing with diamond paste (0.25 microns). The microstructure was revealed by electrolytic etching in a solution of 10% oxalic acid (wt/v), as recommended by ASTM E407. Scanning electron microscopy (SEM) and EDS analysis were used to observe the different microstructural characteristics of the steels.
Sample Preparation
For the corrosion tests, metal samples with dimensions of 10.0x10.0x3.0 mm were sectioned. A copper wire was welded to the samples on one of their faces by spot-welding. In this condition, the samples were encapsulated in epoxy resin. Surfaces of the encapsulated samples were abraded with 120 to 1200 grit silicon carbide abrasive paper to expose the reaction area. Subsequently, the samples were washed with distilled water and ethanol, dried with hot air, and immediately immersed in electrolyte for corrosion tests.
Corrosive Medium
The test solution suggested by the Italian Decree text was used as a corrosive medium (Italian law text, 1973): 3% (v/v) acetic acid solution (pH 2.45) at 40°C. The volume of electrolyte was 200 ml (that is, the area:volume ratio was 1:200 (0.005 cm -1 )). This condition guarantees an insignificant variation in the corrosivity of the electrolyte according to ASTM G31.
Electrochemical Evaluation
The electrochemical behavior of the stainless steels was determined in an electrochemical cell with three electrodes. The different encapsulated steels were used as the working electrode (WE), while a saturated calomel electrode was used as a reference electrode (SCE), and a graphite bar was used as a counter electrode. The different stainless steels were subjected to tests to obtain the potentiodynamic polarization curves, open circuit potential measurements (OCP), linear polarization resistance measurements (LPR), and electrochemical impedance spectroscopy (EIS) measurements.
The potentiodynamic polarization curves were obtained by polarizing the WE from -400 to 1800 mV with respect to its corrosion potential (Ecorr) at a scanning rate of 1 mVs -1 according to ASTM G3. From these measurements, Ecorr and the corrosion current density (Icorr) were obtained by extrapolating the Tafel slopes in the range of ±250 mV around Ecorr. OCP measurements were carried out by measuring the potential of the WE with respect to the SCE at intervals of one hour. LPR measurements were done by polarizing the WE with ±10 mV with respect to its open circuit potential at a scanning rate of 0.1667 mVs -1 at one-hour intervals. The electrochemical impedance spectra (EIS) were obtained by applying a perturbation of ±10 mV with respect to the open circuit potential of the WE in a frequency range of 100 kHz to 0.01 Hz.
The OCP, LPR, and EIS measurements were performed for 100 hours. In all cases, the electrochemical cell was allowed to stabilize for one hour before starting any measurement. Potentiodynamic polarization curves were obtained with a Gill AC potentiostat/galvanostat (ACM Instruments), and the OCP, LPR, and EIS measurements were obtained in an Interface 1000 potentiostat/galvanostat (Gamry). Figure 1 shows the different microstructural aspects of the austenitic stainless steels. In general, the microstructures mainly consisted of equiaxed austenite grains with annealed twins [13] [14] and slight differences in grain sizes. However, the steels also showed precipitates and inclusions.
RESULTS AND DISCUSSION
Microstructural Characterization
The EDS analysis indicated the presence of MnS inclusions in the 303SS, small precipitates of titanium nitride in 304SS, and a high content of chromium carbide precipitates at the grain boundaries and in the grains in 310SS. There were small precipitates of titanium nitride dispersed in the grain boundaries of 316SS, as well as precipitates from chromium carbide that were rich in Ti, S, C, and N in the grain boundaries of 321SS. There were chromium carbide precipitates in both the grain boundaries and in the grains in 330SS, and Nd, C, and S rich precipitates were observed at the limits of the grains in 347SS. In addition to the chemical composition, the microstructure characteristics can also affect the corrosion behavior of stainless steels. In general, a decrease in the grain size increases the uniform corrosion rate [15] [16] [17] [18] [19] , decreases the intergranular corrosion [15, 18] , and increases the pitting corrosion resistance [13, [15] [16] [17] [18] . However, chromium carbide precipitates can cause a depletion of Cr in the metal matrix adjacent to the grain boundaries and increase the susceptibility to intergranular corrosion [20] [21] [22] [23] [24] . In addition, chromium carbide is nobler than the metal matrix, so galvanic pairs can also form [22] [23] . Similar effects of galvanic corrosion can occur between the metallic matrix and the precipitates of Ti (sulfides, carbides, and nitrides) and Nb (sulfides and carbides), and the presence of MnS inclusions favors preferential dissolution in acidic environments. Figure 2 shows the potentiodynamic polarization curves of the different steels in acetic acid solution at 40°C. The current-potential response obtained is a function of the electrochemical reactions between the electroactive species on the metal surface, and the reaction rate depends on their concentration and mass transfer processes. It is necessary to analyze the electrolyte to understand the observed behavior. In an aqueous solution, acetic acid dissociates according to the following expression:
Potentiodynamic Polarization Curves
However, the reaction is reversible, so the final concentration of acetic acid and acetate ion depends on the pH of the solution. According to the reaction, dissociation is favored by increasing the pH of the solution. However, around the corrosion potential (Tafel region), metal dissolution reactions occur along with two parallel cathodic reactions corresponding to the reduction of hydrogen ions and non-dissociated acetic acid:
Recent studies [25] [26] indicate that acetic acid is not a significant electroactive species and it only acts as a proton-generating source on the metallic surface (dissolution reaction of acetic acid). Its contribution is only reflected as an increase in the mass transfer current limit of the cathodic current. That is, acetic acid only acts as a buffer because the cathodic reaction (reduction of H + ) promotes the dissociation of acetic acid (generation of H + ) and has no direct participation in the charge transfer process [25] .
Therefore, the polarization curves show that all steels have similar behavior, which is logical because all of them are part of the 300 series. In general, their anodic behavior shows the formation of a pseudopassive zone and a posterior transpasive zone around the same potential (900 mV), independently of Ecorr. Similar behaviors have been reported in other studies [2, [27] [28] . The increase in current density around 900 mV may be due to the dissolution of the passive film or the oxidation of the electrolyte (O2 evolution) [2] . The subsequent increase in current density (around 1300 mV) may correspond to the pitting potential. In the cathodic branches, there is a linear region just below Ecorr that is associated with the reduction of hydrogen ions in all steels, followed by a region of mass transfer limit current (303SS, 321SS, 330SS, and 347SS). A normalization of the potential values and a magnification of the Tafel region ( Figure 3) show that all steels exhibit a tendency toward passivation at values slightly above their corrosion potential. The graph shows that the Icorr are within the same order of magnitude. The steel with the highest Cr content (310SS) develops a pseudopassive zone at lower current densities, and the steels with similar Cr content develop pseudopassive zones around the same current density value except for 303SS, which develops the zone at higher current densities. This may possibly be due to its high content of MnS inclusions. The steel with the highest Cr content (310SS) develops its cathodic branch at the lowest current densities, followed by 304SS and 316SS. Other steels with a high content of precipitates or inclusions show higher cathodic current densities and a tendency to develop a mass transfer limit current zone. This is supported by Kahyarian [26] , who indicate that the cathodic reaction rate is constant at a constant pH, and therefore, an increase in the cathodic current density suggests both an increase in the reduction rate of the acetic acid and the development of a mass transfer limit current. In this sense, 303SS and 330SS clearly develop a mass transfer limit current.
Based on the electrochemical parameters obtained from the polarization curves (Table 2) , it is possible to determine which materials have the best corrosion resistance characteristics. For example, materials with more active Ecorr will show a greater tendency to corrode, while materials with a tendency toward passivation show a greater ba value than bc, and those with the lowest Icorr show the best performance against corrosion [19] . These criteria are easy to interpret when there are significant differences in Icorr and when the electrochemical behavior of the alloy depends on only the chemical composition, considering that all the elements are in solid solution. However, the interpretation of the electrochemical parameters is not simple when it is difficult to meet these criteria and the thermomechanical history of the materials is different or unknown. Thus, correlations were obtained for the electrochemical parameters of the steels with their chemical composition and microstructural characteristics. The behavior of 304SS and 310SS was considered as a reference because their minor element contents are similar, and their Cr and Ni contents are different. Figure 4 shows that increasing both the Cr and Ni contents makes the Ecorr more active. Furthermore, Ti, Mo, and Nb also make Ecorr more active, and the addition of S and Si makes the Ecorr values nobler. This behavior was not expected since the steel should show a lower tendency to corrode (the noblest potential) with higher Cr content. This can be explained based on the studies by Kahyarian [26] . They indicated that in corrosion processes with acetic acid, the corrosion potential can be affected by the cathodic reaction rate (the reduction of H + ). Therefore, when increasing the Cr and Ni concentrations, there is a decrease in the cathodic reaction rate and thus the corrosion rate (304SS and 310SS).
However, the other steels do not follow this trend. In the case of 303SS and 330SS, the Ecorr values are nobler. In this sense, Kahyarian [26] also indicate that an increase in Ecorr is due to the rapid consumption of protons (an increase in the cathodic reaction rate), which results in a mass transfer limit current. Figure 3 shows that these two steels developed a limit current in the cathodic branch. However, in the case of 316SS, 321SS, and 347SS steels, Ecorr was more active. Thus, it seems that Ecorr is associated with the additional alloying elements (Mo, Ti, and Nd) or precipitates in the microstructure rather than the cathodic reaction rate. Figure 5 shows that an increase in the Cr and Ni content contributes to reduce the corrosion rate (304SS and 310SS). However, the other steels (303SS, 316SS, 321SS, 330SS, and 347SS) show deviations from this behavior; that is, Icorr is higher than expected for similar Cr or Ni contents. It is clear that other alloying elements or precipitates had a detrimental effect on the corrosion resistance of the steels. In the case of precipitated phases, metal dissolution is favored due to the formation of galvanic pairs or points of initiation of pitting attack [29] [30] . Figure 6 shows the effect of the anodic slope on the cathodic slope relationship with the Icorr values. A material with an anodic slope that is greater than its cathodic slope will show a greater tendency to passivate; otherwise, the material will have a greater tendency to corrode [19] . An excellent correlation is observed between steels with similar Cr content (18-20%). This shows that the presence of Mo, Ti, Nb, or their precipitates increases the corrosion tendency of the steel. Furthermore, the addition of S or Cu or inclusions of MnS accelerates the corrosion rate. In addition, the steel shows a lower tendency to corrode when increasing the Cr content (310SS). Figure 7 shows the variation in the OCP values of the stainless steels in acetic acid solution at 40°C for 100 hours. OCP is mainly a function of the chemical composition of the steel, but other variables can also affect it, such as the thermomechanical history of the alloy, the composition of the electrolyte, temperature, and the flow of the solution [12] . All steels exhibited a shift in the OCP in the noble direction. This agrees with the polarization curves, where all steels showed a rapid tendency to passivate at values slightly above Ecorr.
Open Circuit Potential Measurements
Some steels tended to rapidly reach steady state (316SS), and others showed an active behavior at the beginning of the test (303SS), followed by an increase in the OCP until reaching a pseudostationary trend. The other steels showed a constant increase in the OCP without reaching a definite steady state. According to the position of the OCP curves, the corrosion tendency of the steels increases in the following order: 303SS > 330S > 316SS > 321SS > 347SS > 310SS > 304SS. In general, the corrosion resistance of stainless steels is due to the rapid development of a thin passive film of about 1-3 nm in thickness. Its protective characteristics depend on its Cr content, with higher Cr content in the alloy resulting in higher Cr content in the passive film. This occurs because the selective dissolution of the other alloying elements is suppressed, and the oxidation of the Cr of the alloy is favored [31] .
However, the trends do not follow these considerations. Therefore, it is possible that the observed behavior is associated with the microstructural characteristics (grain size, precipitates, or inclusions) or alloying elements such as Cu, Mo, Ti, Nb, Si, and a higher content of S. For example, 310SS has a higher Cr content than 304SS, but its OCP is more active. The rest of the steels have similar Cr content to that of 304SS, and their behavior was more active than that observed for 304SS.
In the case of 310SS, the behavior could be due to the high content of Cr carbide precipitates. As already indicated, the precipitation of chromium carbides causes a Cr depletion in the metal matrix [20] [21] [22] [23] [24] and favors the formation of galvanic pairs [22] [23] . The most active behavior was observed in 303SS, which may have been due to the preferential dissolution of MnS inclusions, which caused an increase in the reaction area of the steel [3, 12, 24, 31] . Precipitates and Cu also increase the metal dissolution rate [24] . Figure 8 shows the variation of the polarization resistance of the stainless steels in acetic acid solution at 40°C for 100 hours. All stainless steels showed high corrosion resistance with Rp values greater than 1*10 5 ohms/cm 2 . However, the particular tendencies and values were different and appear to depend on the chemical composition, or precipitates, or inclusions in the microstructure.
Linear Polarization Resistance Measurements
With the exception of 303SS, the stainless steels showed a rapid initial increase in Rp (with immersion times less than 10 hours), followed by a quasi-stationary trend or constant increase of the resistance. In the case of 303SS, the initial drop in Rp could be associated with the rapid dissolution of MnS inclusions. Other studies have reported this phenomenon for the same type of steel in acetic acid solutions [3, 24] and acidic solutions in general [12, 31] . In addition, MnS inclusions can be nucleation points for pitting [12, 31] .
The subsequent increase in its Rp corresponds to the formation of a protective passive layer, but values are the lowest due to the increase in the reaction area as a consequence of the large number of cavities caused by the dissolution of the MnS inclusions. Both 304SS and 310SS showed the highest Rp. 310SS had the highest Cr content, but 304SS was the only steel with practically no precipitates visible in its microstructure. In the case of 316SS, 321SS, 330SS, and 347SS steels, the Cr contents were similar to that of 304SS, but the resistance were lower. Again, it seems that Mo, Ti, Cu, Si, Nb, or precipitates result in a decrease in the corrosion resistance of the steels.
This can be interpreted as an increase in the corrosion current density due to the galvanic pairs generated between the precipitates and the metal matrix. Alternatively, it could be due to a decrease in the Cr content of the metal matrix as a consequence of the formation of chromium carbide precipitates. Based on the polarization resistance tests, the metal dissolution of the steels varied in the following order: 303SS > 316SS > 321SS  330SS > 347SS > 310SS  304SS. In addition, the highest release of metal ions occurred in the first 10 hours of testing except for 303SS, which showed an appreciable release of metal ions until 24 hours of immersion. The trends of Rp indicate the formation of a stable protective oxide enriched in Cr, which minimizes the metallic dissolution of the steel [6] . Typical corrosion tests for materials that come in contact with simulated food fluids are based on the amount of metal ions that are released into the electrolyte. The concentration of metal ions released increases when increasing the ratio between the reaction area and the electrolyte volume (A/V) [5, 8] . Considering a constant corrosion rate, the amount of metal ions released per unit volume will always be greater for small volumes of electrolyte (large A/V ratio); that is, there is a concentration effect of the metal ions. Due to the complexing capacity of the acetate ions, metal acetates form, so the equilibrium of the reaction (1) shifts in favor of the dissociation of acetic acid and increases the release of protons. This suggests that at large A/V ratios, in addition to a concentration effect of metal ions, the dissociation of acetic acid depends on not only the cathodic reaction rate (reaction 5), but also the formation of metallic acetates, which are highly stable under acidic conditions [32, 33] . Therefore, this additional dissociation of acetic acid can increase the corrosivity of the electrolyte. Figure 9 shows the impedance spectra in Nyquist and Bode format after 100 hours of testing. In the Nyquist diagram, all steels showed the formation of a capacitive semicircle. The trends indicate that 304SS and 310SS have the highest charge transfer resistance, followed by 347SS, 330SS, 321SS, 316SS, and 303SS. It is not possible to observe more characteristics of the corrosion process because the information observed in the Nyquist diagrams generally corresponds to approximately 30% of the total experimental data. Most of the experimental data correspond to the low frequency region (less than 1-10 Hz). Therefore, analyzing the impedance spectra based on the Bode diagrams is the best way to analyze the information obtained from the whole range of frequencies evaluated.
Electrochemical Impedance Spectrocopy Measurements
Based on the impedance module of the Bode diagram, |Z|, all steels developed a high frequency plateau (> 1000 Hz), which determines the electrolyte resistance. The plateau began to develop at frequencies greater than 100 Hz. This plateau allows us to establish that there was no formation of a layer of corrosion products layer that was adsorbed onto the metal surface.
In the intermediate frequency region, which is generally located between 1-10 Hz and 1000 Hz, there is linear relationship log |Z|-log f, which establishes the capacitive properties of the metal surface. This region shows a linear relationship with two apparent slopes. In the low frequency range (<1-10 Hz), a low-frequency plateau did not form, which indicates that the charge transfer resistance is greater than the last |Z| value recorded. The trend of |Z| in the low-frequency region coincides with that observed in the Nyquist diagram.
The phase angle format of the Bode diagram, (°), shows that the phase angle tends to zero from 100 Hz in the high-frequency region. This coincides with the formation of a high-frequency plateau and indicates the absence of a corrosion product layer adsorbed onto the metal surface. The intermediate-frequency region, where the capacitive properties of the metallic surface are observed, extends to frequencies lower than 0.01 Hz. In this region, there are two phase angle maxima, which indicate two time constants. The first one is between 1 and 10 Hz, and the second one is around 0.1 Hz. The first time constant shows a lower phase angle than the second one. Both the charge transfer resistance and the impedance modulus of the steels coincide with the order of the maximum phase angle of the second time constant.
It can be inferred that the steels developed a thin passive film with excellent capacitive properties according to the impedance spectra, including (i) the high frequency plateau as well as its development from frequencies below 1000 Hz, (ii) the absence of a low-frequency plateau, and (iii) time constants with phase angles up to 80°. In general, the passive films on the stainless steels are 1-3 nm thick, and their capacitive properties depend on the Cr content [31] . Based on the similarity between the different spectra, qualitatively, it can be established that the same surface processes occur on the surface of the steels, and the differences are a function of the microstructural characteristics and chemical composition [28] . Figure 10 shows the variation of the impedance spectra as a function of time for 304SS. The behavior was similar to the other steels. The Nyquist diagram shows a single apparent capacitive semicircle with constantly increasing diameter as a function of the immersion time. This indicates a constant increase in the charge transfer resistance. The observed information only corresponds to a part of the electrochemical behavior of the steel because the remaining information is suppressed by the high resistance of the steel. The same characteristics observed before occur in the Bode diagram in its impedance module format, |Z|, in both the high-frequency and intermediate-frequency regions. In the low-frequency region, large values of the impedance modulus are observed and tend to increase as a function of the immersion time. The absence of a low-frequency plateau indicates that the impedance module are greater than the last registered value.
The same characteristics as before were again observed in the high-frequency region of the Bode diagram in its phase angle format, (°). At time zero, from the intermediate-frequency region to the low-frequency region, there are two overlapping time constants with a maximum angle of 76° around 0.5 Hz. At longer immersion times, the two time constants separate. The first one shifts slightly to higher frequencies (around 2-3 Hz) with a slight decrease in its maximum phase angle (around 71°), while the second one shifts to the low-frequency region, and its maximum phase angle increases to 81°. The impedance spectra were fitted with the equivalent circuit shown in Figure 11 , which is suggested for modeling impedance spectra of materials that develop passive films on their surfaces [34] [35] [36] . Figure 11 . Equivalent circuit used for modeling the impedance spectra.
Rs is the solution resistance, CPEdl is the constant phase element (CPE) of the electrochemical double layer, Rct is the charge transfer resistance, Rf is the resistance of the protective film, and CPEf is the constant phase element of the protective film. The capacitance generally does not show ideal capacitive behavior, so it is suggested that CPE be used to compensate for the dispersion effect caused by the roughness of the electrode interface. The impedance of the CPE is determined by the following expression [37] :
where Y0 is the constant magnitude of the CPE (F cm -2 s (n-1) ), ω is the angular frequency (rad s -1 ), j 2 = -1 is the imaginary number, and n is a phenomenological coefficient that indicates the phase shift and represents the heterogeneity of the surface (0< n <1). If n = 1, CPE = C = 1/Y0, while if n = 0.5 CPE = ZW (Warburg impedance), and if n = 0 CPE = R. The capacitance of the CPE can be calculated using the following equation [38] : Figures 12 to 14 show the variation of the fit parameters obtained from the modeling of the impedance spectra. Figure 12 shows the variation of the Rct and Rf values. The figures show great similarity in the values and trends of Rct to the measurements of the polarization resistance (Rp). This is indicates that the equivalent circuit adequately represents the surface processes occurring on the working electrodes. The possible differences could be due to the fact that in general, Rp  Rct + Rf. It can be said that Rc varies according to the variation of Rp. According to the graph, the steels with the greatest corrosion resistance are 304SS  310SS, and 303SS had the lowest corrosion resistance. However, the Rf values show differences, and the highest values are observed for 321SS, 330SS, and 347SS, while 304SS had the lowest. The differences in Rf could be associated with either the passive film thickness or the degree of Cr enrichment. Figure 13 shows the variation of nct and nf. nct is greater than nf and generally greater than 0.9. This behavior is close to an ideal electrochemical double layer capacitor. The differences observed in nf could be associated with either the degree of Cr enrichment of the passive films or superficial defects. This constant decrease in Cdl is directly related to the increase in the corrosion resistance of the steels; that is, there is less current exchange at the interfaces. 304SS and 310SS showed the lowest Cdl, and 303SS showed the highest values. Regarding Cf, the steels showed fluctuations at the beginning of the test until reaching a quasi-stationary state after 40 hours of immersion. 310SS showed the highest Cf, and 304SS had the lowest one. Considering that the passive film is mainly composed of Cr2O3, the variations could be associated with variations in the thickness [39] [40] or the formation of a rough or porous surface that increases the surface area [41] . Figure 15 . Morphological aspects of the austenitic stainless steels after 100 hours of immersion in acetic acid solution at 40°C. Figure 15 shows the different surface aspects of the steels after the corrosion test in acetic acid solution at 40°C for 100 hours. In general, all the materials presented a superficial pitting attack. A detailed analysis indicates that the pitting is due to the detachment or dissolution of precipitates or inclusions. Figure 16 shows the corroded surface of 310SS and its mapping of Cr. The small pores or voids are due galvanic corrosion generated around the precipitates and the low corrosion resistance of the adjacent metal matrix because of the low Cr content as a consequence of the formation of the precipitates. Both processes caused the dissolution of the metallic matrix around the precipitates and their subsequent detachment. According to the results, both the microstructural aspects and the chemical composition of the steels have strong effects on the corrosion performance and thus the release of metal ions into the electrolyte. 
Morphological Analysis of Corroded Surfaces
CONCLUSIONS
The electrochemical performance of different austenitic stainless steels showed that both the chemical composition and the microstructural characteristics affect the resistance to corrosion and thus the ability to release metal ions into the electrolyte. The steels with precipitates or inclusions showed the highest corrosion rates. The analysis of the polarization curves showed that by increasing Icorr, results in greater dissociation of acetic acid, which results in the appearance of a mass transfer limit current in the cathodic branch.
Electrochemical evaluations showed that steels with higher Icorr, nobler OCP, higher Rp, and higher Rct had higher chromium content or fewer precipitates or inclusions in the microstructure. Precipitates and inclusions favor the formation of galvanic pairs that increase the corrosion rate of the steel. In addition, higher corrosion rates and a greater release of metallic ions occurred in the first 10 hours of testing. The steels developed a thin passive film with excellent capacitive properties, and according to the modeling of the impedance spectra, the capacitive properties depend on both the degree of Cr enrichment and on its thickness.
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